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ABSTRACT 

Funds and work l e v e l  have been expanded i n  t h i s  

q u a r t e r .  Four  f e e d i n g  s t u d i e s  have shown tha t  a d m i n i s t r a -  

t i o n  o f  formose as a s o l u t i o n  i s  f e a s i b l e ,  and t h a t  most 

t o x i c  e f fec ts  obse rved  are r e v e r s i b l e  a f te r  c e s s a t i o n  of 

t r e a t m e n t .  Two f o r m u l a t i o n s  of formose have been adminis -  

t e r e d ;  "formose C" i s  more t o x i c  t h a n  "formose LBM-3", 

Age or weigh t  a t  t h e  i n i t i a t i o n  of t r e a t m e n t  a p p e a r s  t o  

be a s i g n i f i c a n t  v a r i a b l e .  Data a n a l y s i s  t e c h n i q u e s  are  

b e i n g  expanded and d a t a  from formose work i n  o t h e r  labor- 

a tor ies  w i l l  be ana lyzed  w i t h  t h e  sys tem 'developed,  
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GENERAL 

I n  t h i s  second q u a r t e r  w e  have r e a s s e s s e d  and r e o r g a -  

n i z e d  t h e  p r o j e c t  i n  acco rdance  w i t h  t h e  i n c r e a s e d  work t o  

be per formed,  and have r e c e i v e d  a d d i t i o n a l  f u n d s  for t h i s  

change. We have  completed f o u r  f e e d i n g  s t u d i e s  and have 

a n o t h e r  i n  p r o g r e s s ;  the  r e s u l t s  have  been p a r t i a l l y  ana-  

l y z e d ,  We have unde r t aken  t o  create a d a t a  a n a l y s i s  s y s t e m  

t o  i n c l u d e  o u r  work and t h a t  o f  o t h e r  r e l a t e d  programs unde r  

Dr. S h a p i r a ,  t h e  t e c h n i c a l  mon i to r ,  P o r t i o n s  of t h i s  sys tem 

which have been comple ted  have been used on o u r  e x p e r i m e n t a l  

data,  The c o o p e r a t i o n  w i t h  Dr. S h a p i r a  a t  t h e  A m e s  Labs h a s  

been i n c r e a s e d ,  and  a l l  chemica l  c h a r a c t e r i z a t i o n  o f  formose 

s u g a r s  by I , C . B ,  p e r s o n n e l  h a s  been t r a n s f e r r e d  t o  t h a t  l a b ,  

PROJECT REORGANIZATION 

The basic  r e s e a r c h  g o a l s  of t h e  p r o j e c t  remain the same: 

the  c h a r a c t e r i z a t i o n  of t h e  c o n t e n t  and  t o x i c i t y  of formose,  

Work under  t h i s  p r o j e c t  h a s  been r e a s s i g n e d  i n  o r d e r  t o  be t t e r  

c o o r d i n a t e  w i t h  o t h e r  p r o j e c t s  working w i t h  D r ,  S h a p i r a  on 

v a r i o u s  a s p e c t s  o f  t h e  formose problem, 

Formose t o x i c i t y  i s  b e i n g  e x p l o r e d  w i t h  a n i m a l  d i e t  

s t u d i e s  per formed a t  I , C , B ,  T h i s  i s  p r e s e n t l y  c e n t e r e d  a round 

f e e d i n g  formose s u g a r s  a n d  o t h e r  c a r b o h y d r a t e s  as l i q u i d  

solutions, This  r o u t e  of a d m i n i s t r a t i o n  is open t o  change 

s h o u l d  t h e  need a r i s e .  
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The chemica l  c o n t e n t  o f  formose s u g a r s  i s  b e i n g  i n -  

v e s t i g a t e d  a t  t h e  A m e s  L a b o r a t o r i e s  by I. C ,  B ,  p e r s o n n e l  

working  v e r y  c l o s e l y  w i t h  Dr. S h a p i r a ,  Gas chromatography 

i s  p r e s e n t l y  t h e  p r i n c i p a l  t e c h n i q u e  i n  use ,  

The p r o j e c t  has been expanded t o  i n c l u d e  development 

of a d a t a  a n a l y s i s  sys tem,  Because of t h e  a v a i l a b i l i t y  

of t r a i n e d  p e r s o n n e l  and  equipment ,  I , C ,  B. i s  d e s i g n i n g  

the  software f o r  t h e  a n a l y s i s  of d a t a  g e n e r a t e d  i n  i t s  own 

e x p e r i m e n t s  and i n  t h o s e  of o t h e r  l a b o r a t o r i e s  under 

D r ,  S h a p i r a ' s  t e c h n i c a l  d i r e c t i o n  on t h e  formose f e e d i n g  

p r o j e c t s ,  Thus a c o n s i s t e n t  t e c h n i q u e  of a n a l y s i s  w i l l  

be used  for s e v e r a l  p r o j e c t s ,  

CHEMICAL CHARACTERIZATION OF FORMOSE MIXTURES 
~ -~ 

During t h e  p r e v i o u s  q u a r t e r  s e v e r a l  t y p e s  of chroma- 

t o g r a p h y  were c o n s i d e r e d  f o r  a n a l y s i s  of formose m i x t u r e s  

and g a s - l i q u i d  chromatography ( G L C )  was c o n s i d e r e d  t h e  most 

f r u i t f u l ,  Dur ing  t h i s  q u a r t e r  GLC t e c h n i q u e s  have been 

f u r t h e r  deve loped  i n  Dr, S h a p i r a ' s  l a b o r a t o r i e s  a t  A m e s ,  

and  some a p p l i c a t i o n s  of t h i s  t e c h n i q u e  t o  m e t a b o l i c  p r o -  

d u c t s  have  been e x p l o r e d ,  We have s u p p l i e d  some t e c h n i c a l  

manpower i n  t h i s  work. A s  of J u l y  1, 1 9 6 9  w e  are s u p p l y i n g  

f u l l  t i m e  a Ph.D. chemist to expand t h i s  work and  c o o r d i n a t e  

s e v e r a l  a s p e c t s  of t h e  problem of chemica l  c h a r a c t e r i z a t i o n ,  
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DATA REDUCTION 

Data r e d u c t i o n  was o r i g i n a l l y  performed on an O l i v e t t i  

Programma 1 0 1  desk- top  computer  b u t  i s  w a s  l a t e r  t r a n s f e r r e d  

t o  a n  IBM 1 1 3 0  s y s t e m  w i t h  a Calcomp p l o t t e r .  S i n c e  t h e  

expans ion  of t h e  p r o j e c t ,  w e  are c o n t i n u i n g  w i t h  t h e  1 1 3 0  

p r o c e d u r e s ,  b u t  are a l s o  d e s i g n i n g  p r o c e d u r e s  t o  be used  

w i t h  a n  IBM s y s t e m  360 a t  NASA A m e s  L a b o r a t o r i e s ,  These 

w i l l  be a p p l i e d  t o  r e s u l t s  of s e v e r a l  p r o j e c t s  unde r  

D r .  S h a p i r a f  s s u p e r v i s i o n ,  

The d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  h a s  been a n a l y z e d  

w i t h  t h e  programs completed.  O t h e r  a n a l y s i s  w i l l  be  done 

as programming i s  expanded, p a r t i c u l a r l y  when t h e  l a r g e r  

c o m p u t a t i o n a l  area o f  t h e  System 360 can be r e a l i z e d ,  

The p r i n c i p a l  measure of t o x i c i t y  i s  p r e s e n t l y  t h e  

s l o p e  of a l i n e a r  r e g r e s s i o n  l i n e  on t h e  we igh t s  of an ima l s .  

F o r  s h o r t  e q u a l  p e r i o d s  t h e  growth of ra t s  o f  a g i v e n  

s p e c i e s ,  s e x  and b i r t h  date i s  s u f f i c i e n t l y  l i n e a r  to  be 

modeled l i n e a r l y .  T h i s  measure is  n o t  s a t i s f a c t o r y  o v e r  

l o n g  p e r i o d s ,  and w i l l  be  succeeded  by a c o r r e l a t i o n  t o  a 

c u r v i l i n e a r  model of growth. We are working toward a measure 

which w i l l  a l s o  a l l o w  comparison between s p e c i e s ,  

Fo r  t h i s  r e p o r t ,  most of t h e  d a t a  i s  p r e s e n t e d  i n  t h e  

form o f  graphs  of d a i l y  group ave rage  w e i g h t s ,  These are 

d u p l i c a t e d  d i r e c t l y  f rom t h e  p l o t t e r  o u t p u t .  O t h e r  p l o t t i n g  

r o u t i n e s  are b e i n g  p r e p a r e d  f o r  D r ,  S h a p i r a ' s  needs,  
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DIET STUDIES 

During t h i s  q u a r t e r  w e  have completed t h r e e  d i e t  

s t u d i e s  and i n i t i a t e d  o t h e r s ,  The data from t h e s e  have 

been p a r t i a l l y  ana lyzed ,  Experiment 1 , r e p o r t e d  p r e v i o u s l y  

i s  a g a i n  d e s c r i b e d  because o f  i t s  r e l e v a n c e  t o  l a t e r  s t u d i e s ,  

Ques t ions  examined have i n c l u d e d  t h e  f e a s i b i l i t y  of f e e d i n g  

formose and o t h e r  c a r b o h y d r a t e s  as s o l u t i o n s  t h e  r e l a t i v e  

t o x i c  e f f e c t s  o f  two d i f f e r e n t  formose m i x t u r e s ,  and t h e  

e f f e c t s  of t h e  age o f  t h e  an imals  on obse rved  t o x i c i t y  of 

formose, The t o x i c i t y  of formose has been obse rved  i n  re- 

duced o r  r e v e r s e d  we igh t  g a i n ,  d i a r r h e a ,  and g r o s s  morpho- 

l o g i c  change of o r g a n s ,  The f i r s t  t w o  of these changes are 

r e v e r s i b l e  a 

GENERAL 

The an ima l s  u sed  are Sprague-Dawley d e r i v e d  rats b r e d  

by Simonsen L a b o r a t o r i e s .  Th i s  s t r a i n  w a s  se lec ted  because  

t h e  h i g h  growth amounts a l low-  b e t t e r  d e t e r m i n a t i o n  of ra te  

and because  it i s  a more hardy  s t r a i n  t h a n  some i n b r e d  ones ,  

T h i s  makes it more s u i t a b l e  t o  s t u d i e s  of t h e  r e v e r s i b l e ,  

sub-acute  t o x i c i t y  w e  are p r e s e n t l y  o b s e r v i n g ,  Only males 

have been used, t o  avo id  s e x  d i f f e r e n c e  i n  r e s p o n s e ,  L a t e r  

work w i l l  expand d a t a  i n t o  females, g e n e r a t i o n  s t u d i e s ,  and 

o t h e r  s t r a i n s ,  U l t i m a t e l y ,  o f  c o u r s e ,  s t u d i e s  o f  o t h e r  
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s p e c i e s  must p r e c e e d  human s t u d i e s  of  n o n - t o x i c  formose- 

d e r i v e d  c a r b o h y d r a t e s  e 

Although expe r imen t s  v a r y ,  a g e n e r a l  regimen is 

fo l lowed ,  The e x p e r i m e n t a l  m i x t u r e s  are a d m i n i s t e r e d  

ad l i b  as s o l u t i o n s .  This  a l l o w s  c a r b o h y d r a t e  i n t a k e  

t o  be c a l c u l a t e d ,  Tap water i s  used  as a c o n t r o l .  A 

-- 
s t a n d a r d  b l o c k  r a t  chow (”Lab-Blox”) i s  also a d m i n i s t e r e d  

ad l i b  and  consumption is measured, From t h i s  w e  w i l l  - F’ 

c a l c u l a t e  d i e t a r y  i n t a k e  o f  o t h e r  materials and of non- 

e x p e r i m e n t a l  c a r b o h y d r a t e  e Weight change i s  measured as 

t h e  p r i n c i p a l  i n d i c a t o r  o f  t o x i c  e f fec t .  Leve l s  o f  formose 

used  so  f a r  are n o t  a c u t e l y  t o x i c .  

Measurements are t aken  a t  v a r i o u s  t i m e  i n t e r v a l s  on 

t h e  basis  of t h e  needs o f  e x p e r i m e n t a l  e v a l u a t i o n  and s ta-  

t i s t i c a l  need.  Monday-Wednesday-Friday measurements ,  allow- 

i n g  a maximum of three days between measurements ,  are t h e  

l eas t  f r e q u e s t  s c h e d u l e  used ,  Da i ly  measures  are t a k e n  

when f i r s t  e v a l u a t i n g  a material i n  o r d e r  t o  p r e v e n t  i r re-  

v e r s i b l e  d e g r a d a t i o n  o f  the animal .  Most expe r imen t s  a l l o w  

t h e  e x p e r i m e n t a l  an ima l s  t o  be used  as s e l f - c o n t r o l s  by 

chang ing  from an e x p e r i m e n t a l  c o n d i t i o n  t o  a c o n t r o l  one ,  

o r  t h e  r e v e r s e .  Acute t o x i c i t y  w i l l  be i n v e s t i g a t e d  i f  

needed.  

For convenience  i n  d a t a  r e d u c t i o n  expe r imen t s  are 

broken  i n t o  s e v e r a l  phases  f o r  t h e  d i f f e r e n t  c a r b o h y d r a t e  
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a d m i n i s t r a t i o n  regimens.  A t w o  or  t h r e e  day a c c l i m a t i o n  

p e r i o d  i s  o f t e n  d e f i n e d  a t  the b e g i n n i n g  of a phase  t o  allow 

t h e  an ima l s  t o  l e a r n  t h e  new d i e t a r y  and  f e e d i n g  envi ronment .  

T h i s  approach i s  t o  i so l a t e  m e t a b o l i c  changes from behav io r -  

ally i nduced  changes.  This w i l l  be r e - e v a l u a t e d ,  when t h e r e  

i s  m o r e  data, by comparison w i t h  t h e  same i n f o r m a t i o n  w i t h o u t  

t h  i s s u bdi  v i  s i o n  a 
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Experiment  1: 

S i x  l i t t e r  mates 46 days o l d  were s t a r t e d  on phase  onec  

Three w e r e  a d m i n i s t e r e d  5% "formose C" o b t a i n e d  f r o m  Dr, S h a p i r a ;  

t h r e e  were c o n t r o l s ,  The s u p p l y  o f  formose w a s  e x h a u s t e d  

i n  8 d a y s ,  and one an ima l  from e a c h  group w a s  sacr i f iced f o r  

au topsy ,  The r ema in ing  e x p e r i m e n t a l  an ima l s  were r e t u r n e d  

t o  t a p  water,  phase  2 ,  for 1 5  days ,  g i v i n g  an expe r imen t  of  

2 3  days  l e n g t h .  

During phase  1 t h e  e x p e r i m e n t a l  e n i m a l s  l o s t  we igh t  

( F i g .  1) and w e r e  d i a r r h e t i c  w h i l e  t h e  c o n t r o l s  grew a t  a 

ra te  judged  normal ,  (De te rmina t ion  of t h e  normal growth 

rate of t h i s  s t r a i n  i n  o u r  laboratories is i n  p r o g r e s s )  The 

one e x p e r i m e n t a l  a n i m a l  a u t o p s i e d  had gross G.I. t r a c t  

a b n o r m a l i t i e s  i n c l u d i n g  in f l ammat ion  and low food  c o n t e n t ,  

These w e r e  n o t  e x h i b i t e d  by t h e  c o n t r o l .  

During phase  2 t h e  e x p e r i m e n t a l  a n i m a l s ,  now on water, 

grew a t  a fas ter  r a t e  t h a n  t h e  c o n t r o l s ,  b u t  d i d  n o t  e q u a l  

t h e  c o n t r o l s  i n  a b s o l u t e  we igh t  b e f o r e  d e t e r m i n a t i o n .  Autop- 

sies of a l l  t h e s e  an ima l s  showed none o f  t h e  i r r e g u l a r i t i e s  

s een  i n  t h e  e a r l i e r  case, 

From t h i s  e x p e r i m e n t  it w a s  conc luded  t h a t  l i q u i d  

a d m i n i s t r a t i o n  w a s  a sA- t i s fac tory  t e c h n i q u e ,  I t  w a s  also 

a p p a r e n t  t h a t  "formose C" h a s  t o x i c  or d e l e t e r i o u s  e f f e c t s  

which were r e v e r s i b l e ,  This i s  r e g a r d e d  as a s t r o n g  i n d i -  

c a t i o n  t h a t  the  t o x i c i t y  i s  o f  a n a t u r e  t o  allow a u s e a b l e  
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food c a r b o h y d r a t e  t o  be made from"formose C" w i t h  adequa te  

p r e p a r a t i o n  and p u r i f i c a t i o n .  The l as t  day of t h e  e x p e r i -  

men ta l  phase  showed a s l i g h t  u p t u r n  of weight  which w a s  re- 

ga rded  as a p o s s i b l e  i n d i c a t o r  t h a t  t h e  an ima l s  i n  some way 

were a d a p t i n g  t o  t h e  formose. Th i s  raises a q u e s t i o n  f o r  

f u r t h e r  i n v e s t i g a t i o n ,  

Experiment  2 : 

S i x t e e n  male rats 3 3  days o l d  were s t a r t e d  on p h a s e  1, 

For 1 4  days  t h e y  were all a l lowed  ad l i b  food  and water, and 

consumption of t h e s e  and w e i g h t s  were measured d a i l y ,  They 

-7 

w e r e  t h e n  d i v i d e d  i n t o  f o u r  groups  by weight  matching.  There 

were no abnormal  w e i g h t  changes  for t h e  day,  For p h a s e  2 ,  

the  f o u r  groups w e r e  a d m i n i s t e r e d  t h e  f o l l o w i n g  l i q u i d s  a d  

l i b : :  t a p  water ( c o n t r o l  group)  2.5% "formose LBM-3 ( o b t a i n e d  

from D r ,  S h a p i r a ) ,  5% "formose LBM-3", and  5% g l u c o s e  ( D e x t r o s e ,  

IIydrous USP, J , T ,  Baker)  These groups w e r e  numbered 1, 2 , 

- 
- 

3 and 4 , r e s p e c t i v e l y ,  Measurements were c o n t i n u e d  d a i l y  

u n t i l  dav 37 ,  Phase 3 w a s  t h e n  i n i t i a t e d :  group 1 was changed 

from water t o  58 "Formose LBM-3; group 2 w a s  t e r m i n a t e d  and 

a u t o p s i e d ;  and  groups  3 and  4 were changed t o  t a p  water from 

5% "Forrcose LBM-3" and 5% g lucose  , r e s p e c t i v e l y .  Measurements 

were c o n t i n u e d  d a i l y  f o r  1 3  days.  A l l  a n i m a l s  were t e r m i n a t e d  

a n d  a u t o p s i e d  a t  8 3  days  o f  a g e ,  
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During phase  1 a l l  a n i m a l s  grew a t  t h e  same rate 

( F i g ,  2 1 ,  p r e c l u d i n g  t h e  i n t e r p r e t a t i o n  t h a t  l a t e r  d i f f e r e n c e s  

cou ld  be due t o  s e l e c t i o n  of a n i m a l s ,  Tab le  II shows t h e  

s l o p e s  of t h e  l i n e a r  r e g r e s s i o n  l i n e s  o f  growth f o r  t h e  se- 

p a r a t e  p h a s e s ,  and of t h e  c o r r e l a t i o n  of t h e s e  l i n e s ,  

p o i n t ,  t h e  s l o p e s  are b e s t  c o n s i d e r e d  as  g u i d i n g  data when ob- 

s e r v i n g  t h e  graph ,  as no s t a n d a r d s  of comparison have  y e t  been 

de te rmined ,  The v e r y  h i g h  c o r r e l a t i o n  c o e f f i c i e n t s  r e s u l t  

i n  p a r t  from c a l c u l a t i o n  based  on mean values.)  

A f t e r  a d m i n i s t r a t i o n  o f  t h e  e x p e r i m e n t a l  l i q u i d s  i n  phase  

2 ,  some d i f f e r e n c e s  between t h e  water c o n t r o l s  and  t h e  e x p e r i -  

men ta l  g roups  become n o t i c a b l e ,  The growth r a t e  of a l l  e x p e r i -  

men ta l  a n i m a l s  w a s  g r e a t e r  t h a n  t h a t  of t h e  water a n i m a l s ,  How- 

e v e r ,  group 3 ,  on 5% "fomose-LBM-3", had a s h o r t  p e r i o d  o f  

three days  w i t h  a lower  r a t e  o f  growth, T h e r e a f t e r ,  t h e i r  

a c t u a l  w e i g h t s  were lower  t h a n  t h o s e  of t h e  o t h e r  g roups ,  T h i s  

w a s  n o t  obse rved  i n  group 2 ( 2,5% "formose LBM-3") and w a s  

much less s e v e r e  i n  e f f e c t  t h a n  obse rved  i n  t h e  p r e v i o u s  ex-  

pe r imen t  w i t h  a n o t h e r  f o r m u l a t i o n  of formose. The h i g h e r  growth 

rates ' , e were accompanied w i t h  h i g h e r  f l u i d  i n t a k e s ,  

l e a d i n g  t o  t h e  p o s s i b i l i t y  t h a t  t h e s e  a n i m a l s  might r e t a i n  

h i g h e r  p e r c e n t a g e s  of t i s s u e  f l u i d ,  As no  measurement of  

t i s s u e  f l u i d  or u r i n e  o u t p u t  were made, and  c o r r e l a t i o n s  o f  

we igh t  t o  f l u i d  i n t a k e  have n o t  y e t  been made, t h e  g r e a t e r  

growth rate canno t  be a s c r i b e d  c l e a r l y  t o  t h e  ca lo r i f i c  c o n t e n t  



o f  t h e  e x p e r i m e n t a l  d i e t s ,  D i a r r h e a  was obse rved  i n  a l l  

"formose LBM-3" t r e a t e d  an ima l s ,  

Phase 3 w a s  i n i t i a t e d  t o  examine t h e  r e v e r s i b i l i t y  of 

t h e  phase  2 effects.  When group 2 w a s  a u t o p s i e d ,  a l l  o rgans  

were normal  e x c e p t  t h a t  t h e  G , I .  t ract  c o n t a i n e d  less mate- 

r i a l  t h a n  normal ,  Among t h e  o t h e r  t h r e e  g roups ,  t h e  change 

i n  t s e a t m e n t  produced  n o t i c e a b l e  e f fec ts  which were reason-  

able i n  t h e  l i g h t  o f  p r e v i o u s  d a t a .  O v e r a l l ,  t h e  growth 

rates were lower t h a n  p r e v i o u s l y  obse rved ,  due t o  t h e  non- 

l i n e a r i t y  of growth o v e r  a long p e r i o d .  The growth ra te  of 

group 3 w a s  g r e a t e r  t h a n  t h a t  o f  group 4 ,  a l t h o u g h  t h e  abso- 

l u t e  w e i g h t s  w e r e  lower. T h i s  was i n t e r p r e t e d  as a n  i n d i -  

c a t i o n  t h a t  t h e  growth i n  t h e  p r e v i o u s  p e r i o d  was abnormal ,  

as p r e v i o u s l y  mentioned,  and  t h a t  t h e  an imals  were r e t u r n i n g  

t o  a more normal c o n d i t i o n :  group 3 w a s  " r e g a i n i n g "  l o s s e s  

i n  a b s o l u t e  we igh t  s u s t a i n e d  i n  t h e  accommodation p e r i o d  

when f i r s t  a d m i n i s t e r e d  formose ,  w h i l e  group 4 w a s  " l o s i n g "  

i t s  g lucose- induced  a b s o l u t e  g a i n s ,  Group 1, changed from 

t a p w a t e r  t o  formose,  showed l o s s e s  e x p e c t a b l e  w i t h  t h e  more 

t o x i c  d i e t ,  However, t h i s  group d i d  n o t  show a clearlv de- 

f i n e d  accommodation p e r i o d ;  t h e  t o x i c i t y  i n  t h i s  p e r i o d  was 

e x h i b i t e d  by a growth rate lower t h a n  e i t h e r  of the  o t h e r  

groups ,  T h i s  r a i s e d  t h e  q u e s t i o n  o f  p o s s i b l e  e f f ec t s  of age 

upon the  accommodation r e s p o n s e  t o  "formose LBM-3". 
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The r ema in ing  a n i m a l s  w e r e  sacr i f iced and a u t o p s i e d  

a t  t h e  end of t h e  expe r imen t .  I n  group 1 a l l  a n i m a l s  showed 

s l i g h t l y  e n l a r g e d  and  empty G.1, t racts ;  one l i v e r  showed 

en la rgemen t  and a n o t h e r  g r a n u l a t i o n .  I n  group 3 t h r e e  a n i -  

m a l s  showed s l i g h t l y  e n l a r g e d  G.1, t rac t s  which w e r e  no rma l ly  

f u l l ;  a l l  showed s l i g h t  l i v e r  en la rgemen t .  These o b s e r v a t i o n s  

f u r t h e r  s u p p o r t  t h e  growth we igh t  o b s e r v a t i o n s  t h a t  the  t o x i c  

e f f e c t s  of  91formose LBM-3" are r e v e r s i b l e ,  and h i n t  a t  a t o x i c  

mechanism i n v o l v i n g  G . 1 ,  t r a c t  a b s o r p t i o n .  I n  group 4 a l l  

G a I .  t r ac t s  w e r e  normal i n  s i z e  and c o n t e n t ,  b u t  two showed 

s i g n s  of  k idney  g r a n u l a t i o n ,  T i s s u e s  from a l l  an ima l s  were 

p r e s e r v e d  i n  f o r m a l i n  f o r  l a t e r  examina t ion .  

Experiment  3 :  

Experiment  1 and 2 showed a marked d i f f e r e n c e  i n  res- 

ponse t o  formose f e e d i n g .  D i f f e r e n t  f o r m u l a t i o n s  of formose 

had been used ,  b u t  a l s o  age  o f  t h e  an ima l s  a t  t h e i r  f i r s t  

exposure  t o  fopmose w a s  a l s o  d i f f e r e n t .  Experiment  3 was 

d e s i g n e d  t o  throw some l i g h t  on t h e  s p e c i f i c  e f f e c t s  o f  these 

v a r i a b l e s .  As t h e  s u p p l y  o f  "formose C " w a s  e x h a u s t e d ,  o n l y  

age c o u l d  be c o n t r o l l e d .  I t  w a s  d e c i d e d  t o  expose f o u r  g r o u p s ,  

d i f f e r i n g  i n  age by one week, t o  "formose LBM-3", of which 

the re  w a s  s u f f i c i e n t  supp ly .  
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Twenty male rats were u s e d ,  i n  f o u r  groups o f  l i t t e r  

mates, Phase 1, f e e d i n g  5 %  "formose LBM-3" s o l u t i o n  and 

r a t  chow a d  l i b  w a s  s t a r t e d  immedia te ly  and c o n t i n u e d  

f o r  2 1  days ,  I n  phase 2 t h e  formose w a s  r e p l a c e d  w i t h  t a p  

wa te r ,  and c o n t i n u e d  f o r  9 days ,  g i v i n g  a t o t a l  e x p e r i m e n t  

l e n g t h  of 30 days ,  Weight,  and food  and  l i q u i d  i n t a k e s  were 

m e  as u re  d a 

- s l - 9  

T a b l e  2 shows t h e  growth rates i n  t h i s  expe r imen t .  

With t h e  e x c e p t i o n  o f  group 1, a l l  a n i m a l s  grew a t  h i g h e r  

rates when f e d  "formose LBM-3" t h a n  when l a t e r  f e d  water. 

T h i s  i s  a t t r i b u t e d  t o  g r a d u a l  r e d u c t i o n  i n  growth ra te  t h a t  

i s  normal  o v e r  t h i s  age r ange ,  C o r r e l a t i o n  of t h i s  d a t a  

t o  s t a n d a r d i z e d  growth cu rves  h a s  n o t  y e t  been done ,  so no 

c o n c l u s i o n  can be drawn a t  t h i s  p o i n t  r e g a r d i n g  t h e  t o x i c i t y  

e x h i b i t e d ,  A graph o f  t h e  d a i l y  a v e r a g e  w e i g h t s  o f  these 

groups  ( F i g . 4 )  does i n d i c a t e  a s l i g h t  t o x i c  e f fec t ,  Groups 

3 and 4 b o t h  l o s t  w e i g h t  f o r  a s h o r t  p e r i o d  a f t e r  b e i n g  

s t a r t e d  on t h e  formose d i e t ,  

Examinat ion o f  t h e  w e i g h t s  and  ages  of t h e  an ima l s  a t  

the  s t a r t  o f  t h i s  expe r imen t  b rough t  a t t e n t i o n  t o  a new 

v a r i a b l e :  t h e  r a t e  of growth of Sprague-Dawley d e r i v e d  ra t s  

v a r i e s  i n  an a n n u a l  c y c l e ,  w i t h  w e i g h t s  a t  a g iven  age i n -  

c r e a s i n g  d u r i n g  t h e  s p r i n g  months, A procedure  for norma- 

l i z i n g  data  w i l l  be de te rmined ,  I n  t h e  meantime, a rough 

measure w a s  adop ted  t o  de t e rmine  t h e  e f fec ts  o f  a g e ,  and  
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t h e r e f o r e  of formose f o r m u l a t i o n  f e d ,  Data conce rn ing  t h e  

growth of a l l  groups of a n i m a l s  f e d  5% formose w a s  ordered 

by age  and by w e i g h t  (Tab le s  3 and 4 r e s p e c t i v e l y )  a t  i n i -  

t i a t i o n  of  formose t r e a t m e n t ,  It is c lear  t h a t  t h e  "formose- 

C" t r e a t e d  an ima l s  were more t o x i c a l l y  affected than  t h o s e  

t r ea t ed  w i t h  "formose LBM-3", a l t h o u g h  t h e r e  is  no c lear  

age  o r  w e i g h t  effect  a t  t h i s  p o i n t .  

A u t o p s i e s  o f  these a n i m a l s ,  a f t e r  t h e  9 day p e r i o d  t o  

allow r e v e r s a l  of t h e  t o x i c  e f f ec t s ,  showed en la rgemen t  o f  

t h e  G a I e  t r a c t  of v a r y i n g  d e g r e e s  i n  most cases, Three  showed 

s i g n s  of  hemorrhage in t h e  G.1, t r a c t ,  f o u r  showed s l i g h t  

en la rgemen t  o f  t h e  l i v e r ,  and two h a d  e n l a r g e d  k i d n e y s ,  

These e f f ec t s  w i l l  be c o n s i d e r e d  i n  g r e a t e r  d e t a i l  as more 

data are g a t h e r e d ,  

Experiment  4 :  

Experiment  4 w a s  i n i t i a t e d  t o  de t e rmine  t h e  u t i l i t y  

o f  g roup ing  an ima l s  f o r  measurement ra ther  t h a n  measur ing  

i n d i v i d u a l l y ,  F ive  males, 38 davs o l d ,  w e r e  caged  t o g e t h e r  

and t r e a t e d  w i t h  t a p  water -- c o n t r o l  c o n d i t i o n .  Measurements 

were made d a i l y  of  w e i g h t  and of food  and l i q u i d  i n t a k e ,  

Shortly a f t e r  i n i t i a t i o n  of t h i s  expe r imen t  , d i s c u s s i o n  

w i t h  the s c i e n t i f i c  mon i to r  showed t h a t  grouped measurements 

would be i n c o m p a t i b l e  w i t h  o t h e r  expe r imen t s  conce rn ing  t h e  

t o x i c  e f f ec t s  of formose. T h e r e f o r e ,  t h e  expe r imen t  was 

t epmina ted  a f t e r  1 8  days.  The d a t a  w i l l  be c o n s i d e r e d  i n  
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d e t e r m i n i n g  no rma l i zed  growth rates for t h e  rats w e  are 

us ing .  

ADM I N I ST RAT I VE 

The funds  for expans ion  of t h e  work, r e q u e s t e d  i n  

March, have  been r e c e i v e d .  One Ph,D, chemis t  has been en -  

gaged t o  work a t  NASA Ames L a b o r a t o r i e s d i r e c t l y  w i t h  D r ,  

S h a p i r a  on problems of chemical f o r m u l a t i o n  o f  formose 

s u g a r s ,  A s l i g h t  r e b u d g e t i n g  of funds  has been a l lowed  i n  

o r d e r  t h a t  w e  may do some complex computer work r e q u i r i n g  

t h e  use  of an IBM sys t em 3 6 0 ;  t h i s  w i l l  n o t  affect  t h e  

U n i v e r s i t y ' s  c o n t r i b u t i o n  of i t s  own computer  as o r i g i n a l l y  

p lanned .  
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T a b l e  1 

Experiment 2 

GR0kJTI-I RATES, SLOPE OF IdINEAR - -  

REG RE S S I  ON 

GROUP 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

comb. f ~ f c  

~ - -  .. . I-- 

PHASE TREATMENT 

H2 O 

H2° 
5% formose 

H* O 

2 , 5 %  formose 
.*. ,. 
I1* 0 

5 %  formose 

H* 0 

H2° 
5 %  g lucose  

HZ 

H2° 

fi terminated a t  end of phase 2 

*%'C a l l  animals, phase 1 

SLOPE 

7,37 

5,95 

2 , 7 8  

7,70 

6,81 

h ,. 
7.53 

6,82 

4.79 

7,27 

6,23 

3,69 

7,46 

~- ~~ 

CORRELATION 

0 * 9 9  

0 ,99  

0 ,98  

0.99 

0.99 

%? 

0 . 9 9  

0,99 

0 , 9 8  

0,99 

0 ,99  

0 ,98  

0 ,96  
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GROUP 

1 

2 

2 

2 

3 

3 

4 

4 

T a b l e  2 

E x p e r i m e n t  3 

GROWTH RATES, SLOPE OF LINEAR EGRESSION 

PHASE TREATMENT 

formose 

H2 O 

H2° 

H2° 

H2 O 

formose 

formose 

formose 

SLOPE 

6 , 6 8  

9.23 

7 . 7 8  

7 , 7 5  

6 , 6 2  

5 , 6 5  

5 .973  

5 0 5 1  

CORRC LATION 

0,99 

0,99 

0,99 

0 .98  

0,99 

0,99 

0.99 

0.94 
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AGE 

22 

29 

36 

4 3  

4 6 :'t 

4 8  

7 1  

5 %  FORMOSE TREATED ANIMALS 

OR3ERED BY AGE 

GROUP 

3 - 1  

3-1  

3-3 

3-4 

1- 1 

2 - 3  

2 -1 

WEIGHT 

5 5  

88 

1 4 9  

182 

12 4 

189 

3 2 5  

FORMOSE EFFECT 

S h o r t  reduced ra te  of growth 

S h o r t  reduced r a t e  of  growth 

S h o r t  loss  of we igh t  

S h o r t  loss of weight  

Cont inua l  loss of  weight  

Reduced ra te  of growth 

S h o r t  reduced  rate of growth 

$8 "formose-C" t r e a t e d  - a l l  o t h e r s  t r e a t e d  w i t h  "formose LBM-3" 
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I )_-- 

I 

t 
I 

- 

WEIGHT, g. 

5 5  I 
8 8  

12496 

149 

182 

189 

Tab le  4 

5.9; FORMOSE TREATED ANIMALS 

ORDERED BY WEIGHT 

s h o r t  reduced  ra te  of growth 

s h o r t  reduced  r a t e  of growth 

c o n t i n u a l  weight loss 

s h o r t  we igh t  loss  

s h o r t  w e i g h t  loss 

s h o r t  r educed  ra te  of growth 

reduced  rate of growth 

I $2 "Formose-C" t r e a t e d  - all o t h e r s  t r e a t e d  w i t h  "Formose LBM-3"I 
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